In this article, the authors propose ways to evaluate the criteria for the considered variants of utility functions in the adaptation of historic regional architecture. The proposed set of assessment criteria (thermo-modernisation criteria, comfort of use, financial considerations, criteria of social benefits, and protection of cultural heritage) emphasises the multidimensional character of the problem of choosing a new function for a historic building. Some of the criteria are measurable while others are difficult to measure, which requires an expert approach to their assessment. The evaluation of the criteria was performed on the example of the historic building 'Stara Polana' located in Zakopane. The benchmark for the analysis was the existing condition of the 'Stara Polana' building, which is used as a hostel. The authors conducted a series of interdisciplinary studies specifying the potential of the new utility functions considered for the object in the context of the proposed criteria. The evaluation of individual criteria developed in this article is based on the multi-criteria analysis to be performed in the future and support the selection of a new function for the building in question.
Introduction
One of the tasks of modern civilisation is the protection of cultural heritage by preventing the degradation of its elements and ensuring proper conservation, development and popularisation of its values. An important resource of cultural heritage are historic buildings, which in contemporary society have a chance of survival if they are recognised by the public and have a useful function. In the literature on the subject, there is the concept of the so-called adaptability of the building, i.e., a set of various features and properties determining the simplicity of the adaptation of such a building for new utility functions [1] [2] [3] . Many factors may have an influence over the adaptive potential of historic buildings, such as the type of architectural and structural system; the type of load-bearing structure; the technical condition of the building; the quality and the physicochemical and mechanical properties of materials used to build them; and the possibility of these materials for being re-used in the adaptation process. In order to assess the adaptive capacity of the building, it is necessary to properties of materials used to build them; and the possibility of these materials for being re-used in the adaptation process. In order to assess the adaptive capacity of the building, it is necessary to conduct a series of specialised tests of its building material as well as and evaluation of its historic value. [1] . Objects of historic regional architecture in Poland are located in Podhale in the southern part of the country (see Figure 1a ) and are usually built in the traditional brick-and-wood style ( Figure  1b) . These buildings are a specific type of object whose adaptive capacity for new functions is restricted due to their limited ability to meet requirements such as energy efficiency and comfort of use [4] . The technology that was applied in the construction of a historic building largely influences the choice of options relating to the scope of renovations. Thermal insulation works performed on historic buildings are subject to specific formal and legal regulations. This results from construction law [5] and the Act of 23 July 2003 on the protection and care of monuments [6] . Technical and construction conditions [7] come into force on 1 January 2021 which require buildings to have an energy demand of almost zero. This applies to both new buildings and those undergoing renovation and thermo-modernisation, while historic objects are not included in the requirements. In the case of the renovation and thermo-modernisation of used historic buildings or objects covered by conservation protection, the requirements presented in Table 1 need to be met. However, it should be remembered that achieving such requirements, means operational savings on the one hand, but, on the other hand, it involves limiting the usable space due to the need to insulate the walls from the inside. Decisions regarding the level of improvement of the thermal insulation of partitions, as well as the level of comfort of use of a historic building, should depend on the current or planned function and should be taken individually for each object. The comfort of the internal environment, as well as energy efficiency, should be determined depending on the assumed function of the historic building. Other requirements apply for buildings functioning as museums or art galleries (due to the works of art), others apply for hotel buildings, and others still for conference centres and training facilities. The choice of a new function for a historic building is, therefore, difficult and complex due to the need to take into account many interdisciplinary factors [8] . This complex multidimensional decision-making process often forces decision-makers to process and evaluate information, both measurable (e.g., technical and financial data related to a historic building) and information that is harder to quantify (e.g., the cultural heritage value of a historic building and its social benefits) related to the analysed historic building [9, 10] In the literature many multi-criteria methods can be found for supporting the decision to select new functions for a historic building. The multi-criteria approach to the selection of a new function at historic buildings was taken into account by [11] , which analysed the revitalization of historic buildings in Vilnius, Lithuania. (a) location of Podhale on the map of Poland; (b) example of regional architecture-constructed using brick and wood technology and functioning as a hostel.
The technology that was applied in the construction of a historic building largely influences the choice of options relating to the scope of renovations. Thermal insulation works performed on historic buildings are subject to specific formal and legal regulations. This results from construction law [5] and the Act of 23 July 2003 on the protection and care of monuments [6] . Technical and construction conditions [7] come into force on 1 January 2021 which require buildings to have an energy demand of almost zero. This applies to both new buildings and those undergoing renovation and thermo-modernisation, while historic objects are not included in the requirements. In the case of the renovation and thermo-modernisation of used historic buildings or objects covered by conservation protection, the requirements presented in Table 1 need to be met. However, it should be remembered that achieving such requirements, means operational savings on the one hand, but, on the other hand, it involves limiting the usable space due to the need to insulate the walls from the inside. Decisions regarding the level of improvement of the thermal insulation of partitions, as well as the level of comfort of use of a historic building, should depend on the current or planned function and should be taken individually for each object. The comfort of the internal environment, as well as energy efficiency, should be determined depending on the assumed function of the historic building. Other requirements apply for buildings functioning as museums or art galleries (due to the works of art), others apply for hotel buildings, and others still for conference centres and training facilities. The choice of a new function for a historic building is, therefore, difficult and complex due to the need to take into account many interdisciplinary factors [8] . This complex multidimensional decision-making process often forces decision-makers to process and evaluate information, both measurable (e.g., technical and financial data related to a historic building) and information that is harder to quantify (e.g., the cultural heritage value of a historic building and its social benefits) related to the analysed historic building [9, 10] In the literature many multi-criteria methods can be found for supporting the decision to select new functions for a historic building. The multi-criteria approach to the selection of a new function at historic buildings was taken into account by [11] , which analysed the revitalization of historic buildings in Vilnius, Lithuania.
The authors proposed a method TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution) as a tool for multi-criteria analysis of proposed utility functions in the adaptation of historic buildings. The fuzzy development of the TOPSIS method for the above purposes was continued by Zavadskas and Antucheviciene [12, 13] . Another method-weighted sum-was used by Fuentes [14] when assessing the possibility of re-using four historic buildings in Spain. Wang and Zeng [15] analysed variants of utility functions for the adaptation of two historic buildings in Taipei, Taiwan. As a multi-criteria analysis tool, they used one of the structural modeling methods, the ANP (Analytic Network Process) method. Breil, Giove and Rosato [16] and Giove, Rosato and Breil [17] used the "Choquet" integral for a multi-criteria analysis of the selection of a new utility function for the Venetian Arsenal building in Italy. An interesting approach to solving the discussed decision problem was proposed by Ferretti et al. [18] , who examined the possibility of using the multi-attribute value theory (MAVT) in the analysis of the preferences of historical objects in Turin to perform a specific utility function. Recently, Radziszewska-Zielina andŚladowski [19] proposed a fuzzy extension of the WINGS (Weighted Influence Non-linear Gauge System) in order to model the imprecise, incomplete and uncertain character of information that experts must process as part of the selection of a new utility function for the historic Great Armory building in Gdansk. In [20] , the authors of this article proposed a multicriteria hybrid model (using the DEMATEL method (Decision Making Trial and Evaluation Laboratory) and ANP to select a utility function for the purpose of adapting the building 'Stara Polana' located in Zakopane. This article is a continuation of work on the preparation of ways to assess individual criteria for the selection of functions for the building in question, which will be the basis for the multi-criteria analysis carried out in the future based on the hybrid model proposed in the previous work [20] .
In this work, the authors propose methods of assessing the criteria (measurable and difficult-to-quantify) adopted in [20] for different variants of utility functions in the adaptation of historical regional architecture in Podhale, Poland. The assessment is based on the example of the 'Stara Polana' villa in Zakopane. The criteria taken into account for the 'Stara Polana' building are shown in Figure 3 .
One should pay attention to the interdependence of some proposed criteria for the selection of the utility function of a historic building. These dependencies can be linear as well as nonlinear. It is necessary to take into account interdependencies (e.g., so-called feedback) between these criteria. This leads to the adoption of the network nature of links between them. In Figure 3 , network nodes symbolize the criterion data and the potential relationships between them are determined by arrows (arcs). The size (diameter) of nodes symbolizes the significance of a given criterion in the system. 
Representative Building and Methods of Analysis
The 'Stara Polana' building is located in the centre of Zakopane. The building is owned by Cracow University of Technology; it is currently being used as a hostel. The building is located among low buildings on the main road through Zakopane: Nowotarska Street. This is a historic building, a villa in the Witkiewicz style, which was built in 1905 for the Płaza family by the builder Jan Ustupski-Kubecek. The condition of the building qualifies it for thorough renovation and thermo-modernisation. A detailed description of the building is provided in work [20] . Figure 2a shows a horizontal cross-section of the building. Figure 2b shows the vertical cross-section of the building. Figure 3a shows the interior and in Figure 3b , the detail of wooden connections. The building has a basement made in brick and aboveground floors are built in wood. The 'Stara Polana' building has not been modernized. Partitions do not meet the requirements of the regulations in force in Poland. Data regarding thermal insulation parameters of the building are presented in Table 1 . Data regarding energy indicators are presented in item 3.2 and item 3.7. The building must be thermo-modernized. Mould growth is present on the basement walls. The owner of the building has not yet decided upon the future utility function. In agreement with the investor of the object, the authors have accepted the following possible future functions of the 'Stara Polana' villa:
1. Public building-Hostel (existing condition ('Reference variant'); 2. Public building-Five-star hotel ('Variant 1'); 3. Public building-Zakopane Art Gallery ('Variant 2'); and 4. Public building-Conference and training centre with accommodation option ('Variant 3') Methods for evaluating individual criteria for the reference state and suggested variants of The 'Stara Polana' building has not been modernized. Partitions do not meet the requirements of the regulations in force in Poland. Data regarding thermal insulation parameters of the building are presented in Table 1 . Data regarding energy indicators are presented in item 3.2 and item 3. The 'Stara Polana' building has not been modernized. Partitions do not meet the requirements of the regulations in force in Poland. Data regarding thermal insulation parameters of the building are presented in Table 1 . Data regarding energy indicators are presented in item 3.2 and item 3.7. The building must be thermo-modernized. Mould growth is present on the basement walls.
The owner of the building has not yet decided upon the future utility function.
In agreement with the investor of the object, the authors have accepted the following possible future functions of the 'Stara Polana' villa:
1.
Public building-Hostel (existing condition ('Reference variant'); 2.
Public building-Five-star hotel ('Variant 1'); 3.
Public building-Zakopane Art Gallery ('Variant 2'); and 4.
Public building-Conference and training centre with accommodation option ('Variant 3') Methods for evaluating individual criteria for the reference state and suggested variants of utility functions of the building in question are proposed later in this article.
Evaluation of Criteria for the Existing State and Variants of New Functions
The evaluation criteria of the reference variant and the proposed variants 1-3 are shown in Figure 4 . The main criteria (Fi) are divided into sub-criteria (Fi/Pj). For the needs of the analysis, the authors propose the introduction of utility classes for each of the criteria (A-C). These classes illustrate the level of requirements for each sub-criterion (Fi/Pj). Classes for individual sub-criteria are described for each criterion. The evaluation criteria of the reference variant and the proposed variants 1-3 are shown in Figure 4 . The main criteria (Fi) are divided into sub-criteria (Fi/Pj). For the needs of the analysis, the authors propose the introduction of utility classes for each of the criteria (A-C). These classes illustrate the level of requirements for each sub-criterion (Fi/Pj). Classes for individual sub-criteria are described for each criterion. According to the method adopted by the authors, for each type of building function, the criteria and their values are accepted by experts. In the analysed case study, the team of experts determined the assessment criteria presented in Figure 4 . As an energy efficiency criterion (F1) the following was assumed to be the subcriterion F1/P1-grade of the thermal insulation of the building's envelope. It is a criterion compatible with the standard's methodology [21, 22] . Thermal insulation of the external walls is directly connected with loss of heat between the building's envelope. The second subcriterion in the energy efficiency area (F1/P2) is the final energy coefficient (EK), which is calculated according to methodology found in [23] . The EK coefficient points to the total energy consumption (heating/cooling of the building). Quality of the construction (criterion F2) is assigned by the airtightness of the building envelope. It is in accordance with the methodology found in [24] . The "in situ" tightness test is supported by thermography, according to the test method presented in [25] . With respect to criterion F3 (comfort of use of buildings), the authors have taken to evaluate the building, due to the fact that many buildings, thermo-modernized or newly designed, do not ensure the well-being of users. It should be admitted that the problem of providing the comfort in use is a topic mentioned in publications in the 1970s [26] by the Danish scientist Ole Fanger, but modern According to the method adopted by the authors, for each type of building function, the criteria and their values are accepted by experts. In the analysed case study, the team of experts determined the assessment criteria presented in Figure 4 . As an energy efficiency criterion (F1) the following was assumed to be the subcriterion F1/P1-grade of the thermal insulation of the building's envelope. It is a criterion compatible with the standard's methodology [21, 22] . Thermal insulation of the external walls is directly connected with loss of heat between the building's envelope. The second subcriterion in the energy efficiency area (F1/P2) is the final energy coefficient (EK), which is calculated according to methodology found in [23] . The EK coefficient points to the total energy consumption (heating/cooling of the building). Quality of the construction (criterion F2) is assigned by the airtightness of the building envelope. It is in accordance with the methodology found in [24] . The "in situ" tightness test is supported by thermography, according to the test method presented in [25] . With respect to criterion F3 (comfort of use of buildings), the authors have taken to evaluate the building, due to the fact that many buildings, thermo-modernized or newly designed, do not ensure the well-being of users. It should be admitted that the problem of providing the comfort in use is a topic mentioned in publications in the 1970s [26] by the Danish scientist Ole Fanger, but modern therrmomodernisation and construction systems are the reason why the concept of comfort should be treated in a multi-aspect manner. This approach to comfort design is presented in [27] . Currently is developed CEN standard 16798-1 [28] is based on the standard EN 15251 [29] . The multi-aspect comfort design is implemented by the F3/P1 sub-criterion, which specifies thermal comfort in accordance with the methodology given in [27, 29, 30] . The sub-criterion of the F3/P2 (vibrational comfort) is determined according to the methodology in [31] , while the sub-criterion of acoustic comfort was determined in the "in situ" tests according to the methodology contained in [29, 32] . The building's environmental impact criterion was determined based on the non-renewable Primary Energy index, determined in accordance with the methodology in [23] . The EP indicator is an indicator determining the use of renewable heat sources in the building use, so it directly indicates the building's environmental impact. Criteria F5, F6, and F7 are related to financial, social and cultural heritage aspects. These criteria are determined on the basis of expert knowledge and surveys of future users of the historic building in which the function will be changed.
Criterion F 1 /P 1 -Energy Efficiency; Improvement of Insulation of External Partitions

Methods
The thermal insulation of the building is determined by the heat transfer coefficient of the building envelope U (W/(m 2 K)). This terminology is discussed in [33] . Based on the architectural and construction design as well as the technical description, the actual coefficient of external partitions for the 'Stara Polana' building was determined. The calculations were made on the basis of standards [21, 22] . Table 1 presents the results of calculations of the heat transfer coefficient U (W/(m 2 K)) for the building envelope of the 'Stara Polana' building (reference variant). The results of calculations referring to thermal protection were made accordingly to [7] . Calculated coefficients of the external envelope of the 'Stara Polana' differ from the current requirements. As stated in the introduction, historic buildings undergoing renovation are exempt from the requirements of thermal protection due to their historic character. However, all other existing buildings that undergo thermal modernisation and renovation must meet the requirements of the technical conditions [7] . Table 2 presents adopted classes for the sub-criterion F 1 /P 1 dependent upon the proposed function of the 'Stara Polana' building. As an example, the classes adopted for the requirements of the thermal insulation of external walls are presented. For variant 1 (five-star hotel), it was assumed that it will be a passive buildings corresponding to class 'A'. In variant 2 (Zakopane Art Gallery), the main focus is not on energy efficiency; therefore, class 'C' was assigned. For variant 3 (conference and training centre), the criterion of energy efficiency is important but not a priority [34] . Table 2 . Classes adopted for sub-criterion F 1 /P 1 heat-transfer coefficient U of external walls (W/(m 2 K)).
Results
No.
Designation of the Building Criterion 
Methods
Final energy is defined as thermal energy and auxiliary energy which must be delivered to the boundary of the heating system (building) with a given efficiency in order to cover the heat demand required for the heating and ventilation of the rooms. Final energy should fulfil requirements for living, and hygienic and economic needs. The value of the final energy is characterised by, inter alia, the quality of the thermal protection of rooms, thermal insulation, the tightness of the entire external envelope and the technical condition of the heating and cooling installations. The final energy value [kWh/(m 2 year)] was determined in accordance with the methodology stated in regulation [23] as an EK index which indicates the annual final energy demand per unit area of rooms with adjustable air temperature in a building or flat, expressed in kWh/(m 2 y). The EK indicator was determined in accordance with the Equation (1):
where:
Qk-annual demand for final energy supplied to a building or part of a building for technical systems (kWh/year); and Af-area of rooms with adjustable air temperature (heated or cooled surface) (m 2 ).
Polish technical conditions [7] do not specify the minimum requirements for the EK indicator. This indicator directly refers to the energy efficiency of buildings. In German regulations regarding energy efficiency [35] on the basis of the EK indicator, energy efficiency classes of buildings are introduced. Energy demands for the heating of buildings have also been added to the energy efficiency requirements in the technical and construction regulations in Austria [36] .
Results
The annual heat demand for heating the building (taking into account the efficiency of the heating system and heating breaks) for the reference variant of the 'Stara Polana' building is 244.79 kWh/(m 2 year). Improving the energy efficiency of buildings by reducing the EK indicator is associated both with improving the thermal insulation of the building envelope and modernising the installed technical equipment. The improvement classes for historic buildings are proposed in Table 3 . Table 3 . Classes adopted for sub-criterion F 1 /P 2 of final energy coefficient (kWh/(m 2 year)).
No.
Designation of the Building Criterion F 1 F 1 /P 2 (EK, kWh/m 2 rok) Table 3 presents adopted classes for sub-criterion F 1 /P 2 dependent upon the proposed function of the 'Stara Polana' building.
Variant 1 (five-star hotel) was adopted as a passive building; therefore, for this variant, energy efficiency is a priority. The variant corresponds to class 'A' for the sub-criterion F1/P2. Variant 2 (Zakopane Art Gallery) due to the need to preserve as much as possible of the natural structure of the building (visible wooden beams, carpentry joints) was assigned to class 'C'. Variant 3 (conference and training centre) should be an energy-efficient building, although this is not the main priority. Variant 3 was assigned to class 'B'. Tightness testing of the buildings is one of the ways to control the quality of construction works. Detection and subsequent removal of unwanted leaks can reduce the energy needed to heat the object. Polish legislation does not impose an obligation to carry out building tightness tests; they are only a recommendation. Suggestions for tightness are contained in [7] . Air tightness is determined for buildings with gravitational ventilation at the level of n 50 ≤ 3, 1/h and for buildings with n 50 ≤ 1.5, 1/h. Passive buildings should have a coefficient value of n 50 ≤ 0.6 [1/h]. Tightness testing is obligatory for passive buildings. The measurement method is included in PN-EN 13829:2002 [24] . Figure 5 presents the results of tests for 48 buildings with mechanical ventilation. According to [7] , the n 50 coefficient should be n 50 
only a recommendation. Suggestions for tightness are contained in [7] . Air tightness is determined for buildings with gravitational ventilation at the level of n50 ≤ 3, 1/h and for buildings with n50 ≤ 1.5, 1/h. Passive buildings should have a coefficient value of n50 ≤ 0.6 [1/h]. Tightness testing is obligatory for passive buildings. The measurement method is included in PN-EN 13829:2002 [24] . Figure 5 presents the results of tests for 48 buildings with mechanical ventilation. According to [7] , the n50 coefficient should be n50 The tightness test on the 'Stara Polana' building was performed according to the standard [24] using the pressure measurement method with the use of a fan; it was performed using a system for The tightness test on the 'Stara Polana' building was performed according to the standard [24] using the pressure measurement method with the use of a fan; it was performed using a system for testing the air tightness of the building envelope by means of the generated Retrotec Q5E pressure system with a capacity of 14,100 m 3 /h at 50 Pa. The test was carried out at 1:00 p.m. on 8 May 2018 under the following weather conditions: barometric pressure: 91.95 kPa, wind force 3 (light breeze), external temperature 15 • C, internal temperature 19 • C. The building's cubic capacity is 2119.63 m 3 , Figure 6 shows the method of performing the tightness test in the 'Stara Polana' building. Figure 6 shows the method of performing the tightness test in the 'Stara Polana' building. An additional examination of the construction quality of the 'Stara Polana' building was the implementation of the thermography measurement. Thermography is one of the methods of object diagnostics involving the measurement of radiation in the infrared band. The methodology of thermography tests is described in the PN-EN 13187 [25] standard.
The thermographic test was performed with a FLIR thermal imaging camera with a thermal sensitivity of 0.06°C and a bolometric matrix resolution of 320 × 240. An additional examination of the construction quality of the 'Stara Polana' building was the implementation of the thermography measurement. Thermography is one of the methods of object diagnostics involving the measurement of radiation in the infrared band. The methodology of thermography tests is described in the PN-EN 13187 [25] standard.
The thermographic test was performed with a FLIR thermal imaging camera with a thermal sensitivity of 0.06 • C and a bolometric matrix resolution of 320 × 240.
Results
For the 'Stara Polana' building, the result of the tightness test for negative pressure n 50 An additional examination of the construction quality of the 'Stara Polana' building was the implementation of the thermography measurement. Thermography is one of the methods of object diagnostics involving the measurement of radiation in the infrared band. The methodology of thermography tests is described in the PN-EN 13187 [25] standard.
The thermographic test was performed with a FLIR thermal imaging camera with a thermal sensitivity of 0.06°C and a bolometric matrix resolution of 320 × 240.
For the 'Stara Polana' building, the result of the tightness test for negative pressure n50 = 10.09 [1/h] and for overpressure n50 = 8.83 (1/h) was achieved. Figure 7 presents a thermal image taken inside the building. The thermographic test showed very large leaks in the structure and enabled locating heat loss sites. Table 4 presents the adopted classes for sub-criterion F 2 /P 1 dependent upon the proposed function of the 'Stara Polana' building. Table 4 . Classes adopted for sub-criterion F 2 /P 1 tightness of the building envelope n 50 (1/h). The result of the tightness test is significantly different from the value of the proposed classes; this is due to the unsealing of wooden walls and connections. After well-performed insulation, the values proposed in the classes can be achieved. Obtaining the tightness of the building envelope is associated with the minimisation of energy consumption for heating purposes. An example of how to properly insulate a historic building from the inside is presented in Figure 8 . The Figure 8 shows the correct insulation of the walls of historic buildings. The graph shows the pressure diagram of saturated steam and the water vapour pressure diagram. These are pressure graphs, therefore, the unit is Pa. The lines do not intersect. The wall will not condense water vapor. The thermal insulation is done correctly.
The Figure 8 . The Figure 8 shows the correct insulation of the walls of historic buildings. The graph shows the pressure diagram of saturated steam and the water vapour pressure diagram. These are pressure graphs, therefore, the unit is Pa. The lines do not intersect. The wall will not condense water vapor. The thermal insulation is done correctly. 
Criterion F3/P1-Comfort of Using the Rooms; Thermal Comfort
Methods
Providing the appropriate thermal comfort in NZEB buildings as well as those subjected to thermo-modernisation is one of the most important elements in designing and constructing buildings. Both room overheating and cooling are subjects of research and analysis performed in lowenergy and passive buildings [37] [38] [39] . Thermal comfort is also affected by design errors, such as leaks in the building envelope, thermal bridges, and unevenly heated surfaces. The PN-EN ISO 7730 [27] Providing the appropriate thermal comfort in NZEB buildings as well as those subjected to thermo-modernisation is one of the most important elements in designing and constructing buildings. Both room overheating and cooling are subjects of research and analysis performed in low-energy and passive buildings [37] [38] [39] . Thermal comfort is also affected by design errors, such as leaks in the building envelope, thermal bridges, and unevenly heated surfaces. The PN-EN ISO 7730 [27] standard introduces a division into room categories on the basis of the achieved PMV factor. The classes are presented in Table 5 . Table 5 . Room categories depending on the PMV indicator.
Room Category
Coefficients: PMV (-) PPD (%)
The methodology for determining thermal comfort is based on PN-EN ISO 7730 [27] and the measurement methodology is based on PN ISO 7726 [30] . The tests were performed using measuring equipment that meets standard [30] . The measuring device was a microclimate meter ( Figure 9 ). The tests were conducted in the period 22 May 2018 to 31 May 2018. The measuring device was located in the guest room of the 'Stara Polana' hostel. Thermal insulation of clothing was determined based on the standard PN-EN ISO 9920:2009 [40] . Insulation of clothing was determined as the value for the transitional season of clothing worn at home I clo = 0.7 (clo). measurement methodology is based on PN ISO 7726 [30] . The tests were performed using measuring equipment that meets standard [30] The frequency of data collection was every 1 min. The data from the sensors is provided in Table 6 . Table 6 . Sensor data.
Type of Sensor Measurement Range Scale Accuracy
Temperature sensors -20°C + 50°C (wet thermometer 0°C + 5°C) 0.01°C ± 0.4°C Humidity sensors 0-100% 0.1 RH (relative humidity) ± 2% RH (relative humidity) Figure 9 . Test device for measuring thermal comfort.
The measured parameters were:
• t a -air temperature measurement; • t g -temperature of blackened sphere (heat radiation meter)-the black sphere, in agreement with the norms, should be 15 cm in diameter; • t nw -natural wet-bulb temperature measurement; • RH-measurement of relative air humidity; and • V a -measurement of air flow speed.
The frequency of data collection was every 1 min. The data from the sensors is provided in Table 6 . Table 6 . Sensor data. On the basis of measurements, thermal comfort parameters were calculated from Equation (2). The designated parameters are:
• PMV-predicted average thermal comfort rating [27] ; • PPD-predicted percentage of dissatisfied people [27] ; and
M-the amount of metabolism (W/m 2 ); 
Results
The results of the performed tests are presented in Figures 10-12 . Figure 10 displays the temperature recorded on the microclimate gauge. Figure 11 presents the thermal comfort index in the analysed period. Figure 12 displays the dependence of PMV on temperature.
where: M-the amount of metabolism (W/m 2 ); W-the density of energy loss in the form of mechanical work (W/m 2 ); Icl-clothing insulation ( m 2 K/W); fcl-surface of clothes (m 2 ); ta-air temperature (°C); t -r-average radiation temperature (°C); and tcl-temperature of the clothes surface (°C).
The results of the performed tests are presented in Figures 10-12 . Figure 10 displays the temperature recorded on the microclimate gauge. Figure 11 presents the thermal comfort index in the analysed period. Figure 12 displays the dependence of PMV on temperature. The results presented in Figure 10 show a stable room temperature. Maximum temperatures in the research process were over 22.5°C and the lowest was nearly 19°C. The thermal comfort coefficient, expressed by the PMV value, ranged from −0.7 to approx. 0.25. In Figure 12 , a clear relationship between PMV and internal temperature can be observed. Thermal comfort is ensured by large expenditures incurred for heating the building. Table 7 presents adopted classes for the subcriterion F3/P1 dependent upon the proposed function of the 'Stara Polana' building. Table 7 . Classes adopted for sub-criterion F3/P1 thermal comfort PMV (-). The results presented in Figure 10 show a stable room temperature. Maximum temperatures in the research process were over 22.5 • C and the lowest was nearly 19 • C. The thermal comfort coefficient, expressed by the PMV value, ranged from −0.7 to approx. 0.25. In Figure 12 , a clear relationship between PMV and internal temperature can be observed. Thermal comfort is ensured by large expenditures incurred for heating the building. Table 7 presents adopted classes for the sub-criterion F 3 /P 1 dependent upon the proposed function of the 'Stara Polana' building. Table 7 . Classes adopted for sub-criterion F 3 /P 1 thermal comfort PMV (-).
No.
Designation of the Building Criterion In five-star hotels, in addition to low energy consumption, priority is given to the comfort of staying hotel guests. For this variant, grade A was assigned to the gallery and the training and conference centre was assigned to class B.
Criterion F 3 /P 2 -Comfort of Using the Rooms; Vibration Comfort
Discussion about providing vibroacoustic comfort is recently present in [41, 42] . The building which was chosen for analysis is located in Zakopane close to Nowotarska Street.
The external source of vibrations, which is Nowotarska Street, is located 20.6 m from the building. The building is located in the zone of dynamic influences [43] and vibrational comfort requires assessment.
Methods
Dynamic measurements were made on 8 May 2018. The measurements were made using accelerometers which properties related to dynamic error measurements were described in [44, 45] . Thirty-seven dynamic events, mostly heavy-truck-passing events, were recorded, but only 24 recorded signals were free from internal excitations. Measurement points were located in the hall on the ground floor and in the guest room on the first floor (see Figure 1b) . PCB accelerometers were placed in the middle of the floor in accordance with [31] and measured vibrations in three orthogonal directions: two horizontal 'x' and 'y' and in vertical 'z' (Figure 13 ). Accelerometers were placed on a special disc in accordance with [31] (see Figure 13) .
Criterion F3/P2-Comfort of Using the Rooms; Vibration Comfort
Methods
Dynamic measurements were made on 8 May 2018. The measurements were made using accelerometers which properties related to dynamic error measurements were described in [44, 45] . Thirty-seven dynamic events, mostly heavy-truck-passing events, were recorded, but only 24 recorded signals were free from internal excitations. Measurement points were located in the hall on the ground floor and in the guest room on the first floor (see Figure 1b) . PCB accelerometers were placed in the middle of the floor in accordance with [31] and measured vibrations in three orthogonal directions: two horizontal 'x' and 'y' and in vertical 'z' (Figure 13 ). Accelerometers were placed on a special disc in accordance with [31] (see Figure 13) . An example of a vibration record obtained during measurements is presented in Figure 14 . An example of a vibration record obtained during measurements is presented in Figure 14 . Vibration records obtained from monitoring were used for human perception evaluation according to the RMS procedure available in [31, 46] .
Results of Human Perception of Vibrations
For all analysed signals, the human perception threshold was not exceeded. An example of the RMS results for measurement no. 40 is presented in Figure 15 . Vibration records obtained from monitoring were used for human perception evaluation according to the RMS procedure available in [31, 46] .
For all analysed signals, the human perception threshold was not exceeded. An example of the RMS results for measurement no. 40 is presented in Figure 15 .
according to the RMS procedure available in [31, 46] .
For all analysed signals, the human perception threshold was not exceeded. An example of the RMS results for measurement no. 40 is presented in Figure 15 . HVPR (the human vibration perceptivity ratio) described in [47] never reaches a value of 1, which means that vibrations are not perceptible according to [31] . In this paper, due to the proposed modifications of the utility function, new values of HVPR are proposed (see Table 8 ). The proposed values of HVPR result from the experience of the authors gained from many years of monitoring the Warsaw Metro [48] . Measurements of the Warsaw Metro were the basis for changes in the HVPR (the human vibration perceptivity ratio) described in [47] never reaches a value of 1, which means that vibrations are not perceptible according to [31] . In this paper, due to the proposed modifications of the utility function, new values of HVPR are proposed (see Table 8 ). The proposed values of HVPR result from the experience of the authors gained from many years of monitoring the Warsaw Metro [48] . Measurements of the Warsaw Metro were the basis for changes in the requirements concerning human vibrational comfort in buildings in the vicinity of the Metro [48] . Requirements included in the Japan standard [49, 50] and described in [51] were also analysed before the proposal of HPVR values.
Twenty-four recorded signals were investigated and an evaluation of the human perception of vibrations was made using the RMS method. In all recorded dynamic events, the human perception threshold of vibrations is not currently exceeded in this building. There is a strong probability that after all three modernisation variants-gallery, conference centre and five-star hotel-vibrations from Nowotarska Street remain non-perceivable. However, internal excitation sources could be annoying for residents in the future. This is especially true for clients the five-star hotel and clients of the conference centre in the hotel part who may complain about human-induced floor vibrations. One of the considered solutions could be a floating floor. The measurement process consisted of obtaining the sound level in room. A procedure based on [52] [53] [54] [55] [56] [57] [58] , [59] is also acceptable for a requirement check in accordance with European standards [29] and Polish standards [32] . There were three positions of sound levels located at least 1 m from the internal walls and 1.5 m from external partitions with a window. The height of microphone placement was 1.2 ± 0.1 m. The noise level measurement for each position was 4 min long; thus, the total measurement time for each room was 12 min. In addition to the noise level in the room, the traffic noise level was obtained during measurements.
Requirements for the Internal Noise Level
The requirements presented in Table 9 taken from standards [29] and [32] are given for the building equipment. For the purposes of this article and the evaluation of acoustical comfort in the building, it was assumed that these requirements also concern traffic noise. Requirements for the sound level may vary depending on the standard used. Requirements for sound levels in the designed rooms for different variants of the building are given in Table 9 . The main difference between these two requirements is the parameter for evaluation. If room is furnished, quantities are equal to each other without any corrections. In the opposite case quantities should be calculated accordingly to Equation (3) taken from [32] :
L Aeq,nT = L Aeq − 10log 10 T/T 0
T-reverberation time in unfurnished room (s); and T 0 -reference value of reverberation time (s). 
Results of Measurement
In the measurement process, 28 rooms were tested for equivalent sound levels in the rooms. Tests were performed, in general, for three zones. The first zone is located in the old part of the building and is affected by traffic noise from the nearby street due to the rooms having an external wall. The second zone has no contact with the external partition. The third zone is in a newer part of the building and not directly affected by traffic as its located is in back of the building. All rooms were furnished, so there was no need to measure reverberation time. Inside the building there were no other noise sources, such as mechanical ventilation, air conditioning, pumps and pipes. Measurements were conducted at 12:00 and 18:30.
The positioning of the control point is presented in Figure 16 . Table 10 presents the result of the performed measurement. To summariseTable 10, according to [29] , 21 rooms met the sound requirements and seven rooms did not; it states that 67% of rooms tested met the requirements. With regard to [32] , 14 rooms met the sound requirements and 14 did not; thus, 50% of the rooms fulfilled the given conditions. Lack of requirements means fulfilling requirements by definition. The main observation is that, without any internal noise sources, the only noise relates to external sources infiltrating through external partitions and windows. The main problem of windows installed in the room was the technical condition of the window frames. The degree of tightness of the window frames varied from room to room.
In order to evaluate the given criteria in the context of the percentage of people annoyed in some level by the noise, proper limit levels have to be given. Based on literature concerning low-frequency structural noise [60] and noise exposure at night [61] , limits for noise levels can be given. Describing the situation in the more demanding Polish standard [32] , around 20% people were dissatisfied by traffic noise [61] in bedrooms. This situation will be used as the reference variant for setting values for 10% and 30% of dissatisfaction. Furthermore, it was assumed that 20% of people would find conference room and exhibition hall noise levels unacceptable when they are at the maximum permitted with the standard requirements [32] . The results are presented in Table 11 . Table 11 . Acoustic requirements based on the percentage of dissatisfaction [60, 61] and standards [29, 32] . Based on results obtained from measurements, the following conclusion can be made:
Building
The main problem of this hotel building is the tightness of windows resulting in low airborne sound insulation.
In order to provide sufficient acoustic parameters for rooms which do not meet requirements, the following actions can be performed: -Installation of proper windows with a sufficiently high parameter of airborne sound insulation; -The possibility to increase the percentage of rooms meeting the requirements if proper seals in existing windows are provided; and -modernisation of the building to take into account the acoustic climate in the building and solve the problem especially relating to noise traffic in bedrooms.
3.7. Criterion F4/P1-Impact on the Environment; Coefficient EP (kWh/(m 2 y))
Methods
The energy performance of a building can be expressed by an EP index specifying the amount of annual primary energy demand necessary to meet the needs connected with the use of a building, a dwelling or a part of a building being an independent technical and utilitarian whole, expressed in (kWh/(m 2 year)) and related to 1 m 2 of rooms with adjustable temperature. The quantitative assessment of energy consumption suggests that the lower the EP value, the higher the efficiency of energy use that protects the resources of raw materials and the natural environment. Energy consumption could refer to more than one parameter here so it is, therefore, a determinant of the environmental impact of buildings. The qualitative assessment of energy consumption leads to a comparison of the EP indicator value for the building being assessed with the calculated EP reference value for new or rebuilt buildings determined according to the requirements of the applicable technical and construction regulations (Table 12 ). The methodology for calculating energy performance for buildings, dwellings, or parts of buildings constituting an independent technical and utilitarian whole not equipped with a cooling system is specified in the Ordinance of the Minister of Infrastructure and Development of 27 February 2015. This document refers to the methodology for the determination the energy performance of a building or part of a building and energy performance certificate. The EP calculations for the 'Stara Polana' building were made in accordance with [23] . It is indicated that the annual primary energy demand for the 'Stara Polana' building necessary to satisfy the needs connected with using a building amounts to 86.24 (kWh/(m 2 year)).
The 'Stara Polana' building with 604.59 m 2 of the total heated building area requires 86.24, kWh/(m 2 year), of the annual primary energy demand. Improving the energy efficiency of buildings by reducing the EP indicator is mainly related to the change of non-renewable sources for renewable energy sources. In the case of the analysed 'Stara Polana' building, the energy supply for heating comes entirely from RES. The main problem of the exceeded limit value stated in [7] (Table 13 ) is due to the consumption of electricity supplied to the lighting system. To improve the EP index, this article recommends replacing lighting in the 'Stara Polana' building with LED lighting. 
Financial Criterion F 5 P 1
The financial criterion determines the cost-effectiveness of adapting the object to a given utility function from the investor's point of view. The evaluation of this criterion consists of examining whether the project is financially effective and therefore whether the financial benefits for the investor in the specified operation time of the adapted facility will be greater than the expenditures incurred by it.
Assessment Method
The PI method (profitability index) was proposed for the financial assessment, which in practice is used to select the most effective of several investment projects [62] . This ratio is expressed by dividing the sum of discounted positive cash flows to the sum of discounted negative cash flows:
If the value of utility function is greater than 1 (PI > 1) the adaptation of the object is profitable for the considered variant. The higher the value of the indicator, the more profitable the new variant option is.
Results
As a result of the analysis, the value of the profitability ratio for the assumed investment lifetime of n = 15 years and an interest rate of d = 4% for the considered variants of the utility functions is presented in Table 14 . Only two variants of utility functions are profitable, of which the most profitable usable function is the five-star passive hotel function. The other two options in terms of the financial criterion are not viable.
Criteria F6-Social Benefits and F7 Benefits from Preserving Cultural Heritage
Social benefits are achieved as a result of strengthening the sense of identity and national integration (emotional ties of the society with the historic object as a testimony of a bygone epoch). Designating buildings for useful social purposes ensures a sense of security (Table 15) [63, 64] . Solving the pressing needs of the local community Source: own study based on [63, 64] .
Benefits from the protection of cultural heritage preserving and restoring the historic cultural features of the historic object and its popularisation. Additional beneficial factors for cultural heritage are the cognitive values accompanying the process of revalorising historic buildings, which translates into gaining a broader knowledge of the object and increasing the experience of the conservation environment (Table 16 ) [63, 64] . 
Assessment Method
When analysing the definitions of the above criteria, it can be easily seen that there is some degree of overlap which, in the course of the analysis, justifies the need to take interdependencies into account, including the so-called feedback between these factors, leading to the adoption of a network rather than the standard hierarchical nature of links between them. The adopted network structure of interdependent links between the factors is supplemented with variants of the historic building adaptation that influence the mentioned factors. The impact of decision-making variants on the factors of a given criterion is a measure of the degree of fulfilling these goals. A schematic diagram of the proposed network structure of connections between the factors of a given criterion and variants of new utility functions for an adapted historic building are shown in Figures 17 and 18 . In Figures 17 and 18 , network nodes symbolize a given factor and the potential dependencies between the factors and a set of variants of new utility functions of a historic object are determined by arrows (arcs of the network). The size (diameter) of nodes symbolizes the significance (weight) of a given factor in the system and the thickness of the arrows determines the intensity of the influence of factors on each other and the impact of variants on these factors. The assessment of each variant of the historic building's adaptation was determined separately for each criterion of benefits. The assessment of the significance of the factors of a given criterion requires gathering the opinions of a small group of specialists in the specific field of the given criterion. The evaluation of experts provided a group assessment which allowed taking into account differences in the preferences of these opinions. A weighted average was used to aggregate expert opinions. In order to synthetically describe and analyse the above decision problem, it is necessary to choose the proper tool that will enable correct modelling and analysis of the considered relationships between the factors of a given criterion and decision options. At the basis of many methods of analysis lies the concept of the system as an object composed of various elements between which there are some relationships (dependencies). One of the effective strategies for mapping such a system is structural modelling and, thus, a set of various techniques enabling understanding of the properties of complex systems and decision problems [65] . In the literature on the subject, many methods of modelling and the structural analysis of a number of decision problems can be found, the most wellknown and effective methods being ANP (fuzzy analytic network process) [66] , DEMATEL (decision The assessment of each variant of the historic building's adaptation was determined separately for each criterion of benefits. The assessment of the significance of the factors of a given criterion requires gathering the opinions of a small group of specialists in the specific field of the given criterion. The evaluation of experts provided a group assessment which allowed taking into account differences in the preferences of these opinions. A weighted average was used to aggregate expert opinions. In order to synthetically describe and analyse the above decision problem, it is necessary to choose the proper tool that will enable correct modelling and analysis of the considered relationships between the factors of a given criterion and decision options. At the basis of many methods of analysis lies the concept of the system as an object composed of various elements between which there are some relationships (dependencies). One of the effective strategies for mapping such a system is structural modelling and, thus, a set of various techniques enabling understanding of the properties of complex systems and decision problems [65] . In the literature on the subject, many methods of modelling and the structural analysis of a number of decision problems can be found, the most well-known and effective methods being ANP (fuzzy analytic network process) [66] , DEMATEL (decision making trial and evaluation laboratory) [67] and a method recently developed by the WINGS (weighted influence non-linear gauge system) [68] .
In these methods, the tool for modelling dependencies between system elements is a directed graph, the vertices of which symbolise system elements and arcs determine the relationships (interactions) between one element and another. The procedure of modelling the structure of the system and its analysis in all the aforementioned methods is based on similar algebraic mechanisms. The input values of ratings are introduced into the matrix, the sum of all powers in the limit sense returns the output values in the analysed model.
Results
Structural analysis results performed using the WINGS [68] determined the ranking of the proposed utility functions based on a normalised percentage of the impact on the given criterion objective fulfilment.
For the criterion of social benefits, the ranking of functional feature variants is as follows: 
Conclusions and Discussion
In this article, the authors proposed methods to evaluate the criteria proposed in [20] and presented them from the example of the historic 'Stara Polana' building located in Zakopane. The starting point for the analysis was to examine the present condition of the 'Stara Polana' building, now used as a hostel. A series of interdisciplinary studies has determined the potential of the new utility functions considered for the object, defining the evaluation values of the proposed criteria. Table 17 presents a summary of developed criteria and subcriteria for each variant. 
Criterion F5
F5/P1 PI (Profitability Index) The evaluations of individual criteria developed in this article will be the basis for the multi-criteria analysis performed in the future and are based on the hybrid model of the utility function proposed in [20] on the adaptation of the building in question.
The process of adapting the historic building to new functions is more complicated than in the case of other existing buildings. As part of planning such a process, there is a need to thoroughly recognise the material features of the historic building. This is achieved through performing a series of diagnostic tests on the condition of the building with regard to architectural, construction, building physics and conservation aspects. An additional aspect is the recognition of intangible features of the building, such as the history of the building, its significance, symbolism and the utility functions that it used to have. An important element is the analysis of the value of such a building with regard to parameters such as: the value of authenticity, integrity, uniqueness, artistic value, historical value and social identity [63] . It is not insignificant to determine the socio-economic potential of the building in terms of the benefits of its future adaptation, i.e., prospective values. The effect of all these tests is to determine the possibilities and limitations of the building with regard to its adaptation to new utility functions.
Objects of regional architecture in Poland are erected using traditional masonry and wooden technology. They constitute a specific type of historic buildings whose potential to adapt to new functional functions is difficult due to the problem of providing the expected requirements (e.g., energy efficiency, comfort of use) for contemporary functions. Due to the multidimensional character of the adaptation problem, it is necessary to develop a multi-criteria approach to selecting the best variant of the considered options for the new function for the building in the context of the adopted selection criteria. At the initial stage of the multi-criteria analysis, after defining a set of variants and decision criteria, it is necessary to develop an appropriate approach to the assessment of individual criteria (measurable and difficult to quantify) in relation to the considered variants of the utility functions. 
